Studies suggest that the physical environment can be important for patient comfort, patient safety, patient privacy, family integration with patient care, and staff working condition in adult intensive care units (ICUs). In the absence of any measuring scales, however, evaluations of the physical environment of ICUs in terms of any of these dimensions have remained vague. For rigorous evaluations of ICU designs from the viewpoint of clinical staff, a self-report instrument with several multipleitem scales was created. These scales were tested in a pilot survey that was administered among a small group of nurse managers and ICU directors at several best practice example sites. Reliability analysis of the survey data showed some scales to be internally consistent. For the other scales, factor analysis revealed multiple components, which were then combined to create additional subscales. Using these scales and subscales, the underlying effects of design on staff perception were studied at the best practice example sites that participated in the pilot survey. The results, limitations, and the future directions of the study are discussed.
environment within a building. The interior design of a building includes global featuressuch as building configuration, floor layout and functional distribution, and local features-such as room configuration, furniture and fixture layout, openings, finish materials, color, artwork, natural views, and environmental graphics. The indoor environment of a building, on the other hand, includes such features as noise, lighting condition, ambient temperature, and air quality. Several empirical studies link both interior design and 271 272 CRITICAL CARE NURSING QUARTERLY/JULY-SEPTEMBER 2007 indoor environmental features of healthcare facilities to patient and staff outcomes including patient comfort, patient safety, patient privacy, family integration with patient care, and staff working conditions (for recent reviews of the empirical literature, see references [1] [2] [3] [4] [5] [6] .
A recent survey of the best practice example adult ICUs in the United States 7 shows that many of these ICUs are designed on the basis of the evidence presented in the literature for improving patient and staff outcomes. The present study is an attempt to understand how these design choices impact staff perception of patient comfort, patient safety, patient privacy, family integration with patient care, and staff working condition in these ICUs. As a necessary first step, the study constructs reliable scales to evaluate staff perception in adult ICUs. It is expected that these scales would help conduct more rigorous evaluations of ICU designs from staff perspective. It is also expected that these evaluations, if conducted for a larger sample, may help develop benchmarks and guidelines for ICU design practice.
METHODS
The literature discussing the physical environment of adult ICUs was reviewed (eg, references [8] [9] [10] [11] . Unit-level and patient-roomlevel environmental features suggested having relationships with patient comfort, patient safety, patient privacy, family integration, and staff working condition were identified. These features were used as items in 5 primary scales, each measuring one of the above 5 dimensions of ICUs from staff perspective. Each primary scale also had 2 subscales measuring each dimension at the unit and patientroom levels: (1) out of the 15 items in the patient comfort scale, 6 were unit-level items and 9 were room-level items; (2) out of the 22 items in the patient safety scale, 10 were unitlevel items and 12 were room-level items; (3) out of the 7 items in the patient privacy scale, 3 were unit-level items and 4 were room-level items; (4) out of the 14 items in the family integration scale, 10 were unit-level items and 4 were room-level items; and (5) out of the 25 items in the staff working condition scale, 16 were unit-level items and 9 were room-level items. Additional subscales included a patient comfort scale related to noise, a patient safety scale related to layout, and a patient privacy scale related to information security in adult ICUs. A list of the items included in all the scales and subscales is provided in the Appendix. (For additional information, refer to Table 1.) In a questionnaire survey, the scales were administered at 7 best practice example adult ICUs that were built between 1993 and 2003. Each of these ICUs had received an ICU design award from the Society of Critical Care Medicine, the American Association of Critical-care Nurses, and the American Institute of Architects. The questionnaires were filled-in by one of the nurse managers or the unit director at each site. Response to each item of the questionnaire was reported on a 5-point Likert scale.
The analysis of the survey data was completed in multiple stages. First, nonvariant items, that is, items with the same response from all respondents, were identified. Following this, internal consistency of the items of the primary scales and their subscales was tested. Then, for the scales with unacceptable or poorly acceptable internal consistency, factor analysis was performed to test their multidimensionality. In an attempt to reduce the number of dimensions of a scale with 3 or more dimensions, items from 2 or more dimensions were combined and tested for reliability. If these items showed improved internal consistency, they were aggregated to create additional subscales.
After being tested for acceptable internal consistency, the scales and subscales were used for studying the underlying effects of various environmental features on staff perception of patient comfort, patient safety, patient privacy, family integration, and staff working condition in 6 of the 7 best practice example adult ICUs that participated in the questionnaire survey. Data on the (PCU 1, 2, 3, 4, 5, & PCR 7, 8, 9, 10, 11, 12, 13, 14, 15) .542 PCS I ( PCU 1, 2, 3, 4, & PCR 8, 9, 11, 14) .738 PCS II (PCU 5, & PCR 7, 10, 13, 15) .614 PCS-Unit level (PCU 1, 2, 3, 4, 5) .762 PCS-Room level (PCR 7, 8, 9, 10, 11, 12, 13, 14, 15) .04 PCS related to noise (PCU 1, 2, 3, 4 & PCR 14) .815 Patient Safety scales (PSSs) Overall PSS (PSU 1, 2, 3, 4, & PSR 11, 13, 14, 15, 17, 18, 22) −.763 PSS I (PSU 2, & PSR 15, 18) .889 PSS II (PSU3, 6, & PSR 14) .458 PSS III (PSU 4, & PSR 11, 13) .667 PSS IV (PSU 1, & PSR 22) .606 PSS-Unit level (PSU 1, 2, 3, 4) −.351 PSS-Room level (PSR 11, 13, 14, 15, 17, 18, 22) −2.456 PSS related to layout (PSU 2, 3) .914 Patient Privacy scales (PPSs) Overall PPS (PPU 2, 3, & PPR 7) .553 PPS related to information security (PPU 2, 3) .904 PPS-Room level (3 of the 4 variables had no variance) -Family Integration scales (FISs) Overall FIS (FIU 3, 4, 5, 6, 7, 8, 9, 10, & FIR 11, 12, 13, 14) .837 FIS-Unit level (FIU 3, 4, 5, 6, 7, 8, 9, 10) .704 FIS-Room level (FIR 11, 12, 13, 14) .531 Staff Working Condition scales (SWCSs) Overall SWCS (SWU 1, 2, 3, 4, 6, 7, 8, 9, 12, 13, 14, 15, 16, & SWR 18, 19, 21, 22) .719 SWCS I ( SWU 1, 2, 3, 4, 7, 8, 9, 12, 13, 14, 15, 16, & SWR 18) .840 SWCS II (SWU 6, & SWR 19, 21, 22) .556 SWCS-Unit level (SWU 1, 2, 3, 4, 6, 7, 8, 9, 12, 13, 14, 15, 16) .817 SWCS-Room level (SWR 18, 19, 21, 22) .306
physical environment of these ICUs were collected from the ICU Design Award booklet and videos published by the Society of Critical Care Medicine, the American Association of Critical-care Nurses, and the American Institute of Architects in 2005. The booklet and videos contained 5 to 7 minutes of video footage with narrative, a brief written description, and 1 or more drawings of the layout of each ICU. Data on the physical environment of ICUs included nominal (eg, layout types of ICU, types of medical utilities, etc) and binary (eg, patient room with or without family space, ICU unit with or without staff lounge, etc) categorical data and discrete (eg, the number of patient rooms, the number of isolation rooms) and continuous (eg, unit size, patient room size, gross area per patient bed, etc) measurement data. For categorical data, oneway ANOVA was used to determine whether different categories of any variable have significantly different effects on staff perception of patient comfort, patient safety, patient privacy, family integration, and staff working condition. For measurement data, correlational analysis was used to study the effects of design on staff perception.
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RESULTS
Nonvariant items
Patient comfort: All respondents agreed that private patient rooms helped ensure patient comfort in their ICUs.
Patient safety: All respondents agreed that (1) separate clean and waste disposal sinks, (2) quick and easy access to patients from nurse stations, (3) easy patient observation from staff workstations, (4) easy-to-clean and -maintain finish materials, and (5) waterresistant, smooth, and sealed surfaces around all plumbing outlets helped ensure patient safety in their units.
All respondents also agreed that (1) easyto-clean and microbial-resistant floor and wall surfaces, (2) conveniently located electrical and data outlets, (3) nurse-server allowing easy access to high-usage-care items and linens, (4) sufficient illumination to monitor a change in the patient's color, and (5) easy physical and visual access to patients by clinical staff helped ensure patient safety in their patient rooms.
Patient privacy: All respondents agreed that private patient rooms helped ensure patient privacy in their ICUs. They also agreed that (1) patients' ability to have visual privacy when needed and (2) patients' ability to talk to family members and care providers without being overheard or interrupted helped ensure patient privacy in their patient rooms.
Family integration: All respondents agreed that (1) easy access to patient status information and clinical staff by family members and (2) adequate space for family consultation helped ensure family integration with patient care in their units. There was no consensus among the respondents on any item regarding family integration with patient care at the room level.
Staff working condition: All respondents agreed that (1) flexible patient charting locations inside and outside the room, (2) adequate work surface and space at nurse workstations, and (3) proximity of nursing stations to patients helped create better staff working conditions in their units.
All respondents also agreed that (1) functionally appropriate patient bed location, (2) conveniently located electrical and data outlets, (3) nurse server allowing easy access to high-usage-care items, (4) adequate space and necessary technology for patient manipulation and care, and (5) easy physical and visual access to patients by clinical staff helped create better staff working conditions in their patient rooms.
Scales and subscales
Patient comfort scales and subscales:
There was one nonvariant item in the 15-item patient comfort scale. The alpha reliability coefficient for the other 14 items of the scale was poorly acceptable (.542). A factor analysis of the items revealed 5 primary components, which were then combined to create 2 subscales. These subscales had .738 and .614 alpha reliability coefficients. The alpha value for the unit-level patient comfort scale was acceptable (.762), but it was unacceptable for the room-level scale. The patient comfort scale related to noise in ICUs showed good reliability with an alpha value of .815 (Table 1) .
Patient safety scales and subscales: Ten of the 22 items of the patient safety scale were nonvariant, and hence were excluded from the analysis. Item PSU 6 ("Patients stay in the same bed throughout their stay and be cared for by nurses who are familiar with their care") was also excluded from the study because it was related to patient management more than ICU design. The remaining 11 items had an unacceptable alpha value. A factor analysis of the items revealed 4 primary components. Four subscales, created combining these components, were then tested for reliability. The reliability coefficient for one of these subscales was very good (.889); it was acceptable for another two (.667 & .606); and for the remaining one it was unacceptable. The reliability for both the unit-level and room-level patient safety scale was unacceptable. Finally, the reliability for a 2-item patient safety scale related to ICU layout was excellent (.914) ( Table 1) .
Patient privacy scales and subscales: There were 4 nonvariant items in the 7-item patient
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privacy scale. The other 3 items of the scale showed poor internal consistency with an alpha value of .553. However, 2 items of the 3 items of the unit-level patient privacy scale, which also formed the patient privacy scale related to information security, showed excellent reliability with an alpha value of .904. The alpha value for the room-level patient privacy scale could not be computed, because 3 of 4 items of the scale were nonvariant (Table 1) .
Family integration scales and subscales: Two of the 14 items of the family integration scale were nonvariant. The other 12 items showed very good reliability with an alpha value of .837. The alpha reliability coefficient was acceptable for the unit-level family integration scale (.704), but was only poorly acceptable for the room-level scale (.531) ( Table 1) .
Staff working condition scales and subscales: Eight of the 25 items of the staff working condition scale were nonvariant. The other 17 items of the scale had an acceptable alpha value (.719). A factor analysis of the items revealed 5 primary components. Two subscales, created combining these components, were then tested for reliability. The alpha reliability coefficient for one of the subscales was very good (.84), while the coefficient for the other subscale was poor but acceptable (.556). The alpha reliability coefficient for the unit-level staff working condition scale was good (.817), but it was unacceptable for the room-level scale (.306) ( Table 1) .
Correlations among scales and subscales: Correlations among the scales and subscales are shown in Table 2 . As expected, there were strong correlations among some of the scales and subscales of each dimension of ICUs studied here. That is because these scales shared many items. However, good correlations among the scales and subscales of different dimensions were unexpected. For example, one of the patient safety scales had strong and significant correlations with the overall patient privacy scale and the patient privacy scale related to information security. Another patient safety scale had strong and significant correlations with the family integration and staff working condition scales. The 2 privacy scales also showed significant correlations with the staff working condition scales. However, only one of the patient comfort scales showed some correlation with the room-level family integration scale. These correlations may suggest that staff perception of patient safety, patient privacy, family integration, and staff working condition may affect one another in ICUs, and that staff perception of patient comfort may be the most independent of all the dimensions included in this study.
THE PHYSICAL ENVIRONMENT AND STAFF PERCEPTION
As noted earlier, 2 different statistical techniques were used to study the effects of the physical environment on staff perception. Correlational analysis was used to study the effects of the design variables with continuous or discrete measurement data, and the ANOVA technique was used to study the effects of the variables with categorical data.
Because of a small sample size and a lack of variance in the data, the effects of several important design variables on staff perception could not be studied. Among the physical variables included in correlational analysis, several showed significant correlations (P ≤ .1) with staff perception of patient comfort, patient safety, patient privacy, family integration with patient care, and staff working condition (Table 3) . For example, the gross area of the unit showed significant positive correlations with the unit-level patient comfort scale and the patient comfort scale related to noise. In other words, staff perception of patient comfort at the unit level and of patient comfort with noise may improve as the gross area of the unit increases. Similarly, one of the patient comfort subscales showed positive correlation with the gross area per patient bed, suggesting that an increase in the amount of space per bed may help improve staff perception of patient comfort in the unit.
Correlational analysis also showed that the amount of gross area per bed and the 276 CRITICAL CARE NURSING QUARTERLY/JULY-SEPTEMBER 2007 Table 2 . 
patient room size had significant negative correlations with 1 patient safety scale and 2 privacy scales. These findings may suggest that as the gross area per bed and the patient room size increase staff perception of patient safety and privacy get worse. In contrast, the patient room size had a significant positive correlation with one staff working condition scale, suggesting that an increase in the patient room size may help improve staff perception of their working condition.
Among the physical variables included in the ANOVA analysis, several showed significant effects (P ≤ .1) on staff perception of patient comfort, patient safety, patient privacy, family integration with patient care, and staff working condition (Table 4) . Staff perception of patient comfort in ICUs was significantly affected by the functions of an ICU (F = 4.58, P = .1), by the layout type of an ICU (F = 7.03, P = .07; F = 6.47, P = .08; F = 9.75, P = .05), by the type of utility device in the patient room (F = 16.8, P = .01; F = 7.89, P = .05; F = 6, P = .07), by the location of sink in relation to patient rooms (F = 5.84, P = .07); and by the location of service area (F = 5.35, P = .08; F = 4.7, P = .1).
Staff perception of patient safety was significantly affected by the location of patient charting (F = 6.84, P = .08), by the degree to which family access was controlled in ICUs (F = 15.2, P = .06), and by the family area in patient rooms (F = 17.19, P = .01).
Staff perception of patient privacy related to information security was affected by the location of patient charting in relation to the patient room (F = 7.02, P = .07) and by the family area in patient rooms (F = 13.25, P = .02).
Finally, staff perception of their working condition was affected by the layout type of the unit (F = 10.5, P = .04), by the degree to which family access was controlled in ICUs (F = 12.8, P = .07), and by whether family area was included in the unit or not (F = 5.33, P = .08).
DISCUSSION
There is a great need for reliable design evaluation scales to help evaluate and improve ICU design. This pilot study contributed to this goal in several ways. First, it was the first study of its kind that attempted to develop a set of scales to evaluate clinical staff perception of the following 5 important dimensions of ICU-patient comfort, patient safety, patient privacy, family integration with patient care, and staff working condition. It has been argued in the literature that improving any one of these dimensions might have positive effects on ICU outcomes. Second, the scales and subscales of this pilot study included the most comprehensive set of physical environmental variables. These variables were selected on the basis of a survey of the best practice examples and a review of the literature reporting empirical studies on healthcare settings. It is noteworthy that all the items included in the scales were reported to be relevant to the dimension being measured.
Third, most of the scales, initially proposed in the study, showed acceptable reliability. Multiple subscales with good reliability were also constructed using the items of the scales with unacceptable reliability. As a result, several design items can now be aggregated into a smaller number scales and subscales to help evaluate staff perception in adult ICUs.
Fourth, the study used its scales and subscales to understand the underlying patterns of design effects on staff perception. Because of a very small sample size, correlational analysis or ANOVA did not provide significant results for a very large number of design variables. For the other variables, these analyses showed significant trends that would be worth pursuing in future studies.
The study had several limitations. First, the scales developed in this study can be used to evaluate ICU design from staff perspective only. Of course, ICU staff generally knows the most about ICU design needs and issues. However, scales for evaluating ICU designs from patient and family perspectives particularly on issues related to comfort, safety, privacy, and family integration are also needed. A study of the relationships among patient, family, and staff perspectives may also help us understand more about conflicting impacts of design in ICUs. For example, a family space within the unit may help improve the family's role in patient care. However, ICU staff may view the presence of family members in the unit as an obstacle to effective patient care.
Second, the sample size of the study was too small. Only 7 ICUs participated in the questionnaire survey administered for collecting data on the measurement scales and subscales included in the study. The number was probably sufficient for a pilot study designed primarily to investigate whether it was possible to develop reliable scales for ICU design evaluation. Indeed, the study provided sufficient support for the fact that reliable scales and subscales to measure many important design dimensions of ICUs from staff perspective can be developed. The validity of these scales needs to be further tested using a larger sample.
Third, the study sample had included only the best practice example ICUs to maximize the number of the relevant design variables in the design evaluation scales. As a result, some variables showed no or little variance in the survey, suggesting that these variables were perceived to be equally important in these ICUs. This also meant that the importance of these variables for ICU design in general remained unknown. To understand the general importance of these variables, any future studies must also include other ICUs besides the general best practice examples.
Finally, any objective evaluation of ICU designs along one or more dimensions using measurement scales may hold little or no value if we are unable to generalize the effects of design on such immediate ICU outcomes as staff perception of patient comfort, patient privacy, patient safety, family integration with patient care, and staff working condition. In this study, many ICU design variables showed no statistically significant effects on staff perception because of a small sample size. Hence, it is very important that this study be repeated for a larger study sample not only to revalidate the scales but also to understand the underlying effects of design on staff perception.
